Purpose: The study aims to evaluate the comprehensive relationship between patient satisfaction and five dimensions of health care service quality in Pakistani public/private health care sectors, using a novel grey relational analysis (GRA) models and the Hurwicz criteria of decision making under uncertainty.
2 | LITERATURE REVIEW
| Health care service quality
Service quality has become an important issue since the service industries started competing traditional industries like manufacturing and production. Services presently represent more than two-thirds of world's gross domestic product. 7 Initially, quality was an industrial concept, but now, its importance in service organizations is exceedingly getting noted. Today, quality is a fundamental determining factor in both industrial and service sectors to achieve maximum return on investments while minimizing costs. 4 These days, all organizations delivering services of one kind or another are looking for ways to improve the quality of services to produce more satisfied service consumers and thus making the organizations more profitable or productive.
In health care systems, quality of health care services is gaining exceeding focus being a technique for judging the performance of the health care system and accomplishing competitive advantage and patient loyalty. 1 Quality is a relative term, and its definition depends on who is defining it and in what perspective. In its simplest form, quality is a comparison between expectations and performance. 8 Quality can also be defined as "the quality of scope in the usage of product or service at certain level which meet the expected requirement." 9 Javed and Ilyas 2 defined perceived health care quality as "the patients' judgment or impression about a healthcare unit's overall excellence and superiority." At its core, there are two ways to define service quality: mechanistic (objective) and humanistic (subjective). In health care context, mechanistic quality implies an objective aspect or feature of the health care service while humanistic quality implies subjective response of patients to the health care service. 10 There are also other ways to define service quality as can be found in Purcarea et al. 11 The précis of the key theoretical constructs on perceived service quality, as identified by Purcarea et al, 11 is shown in the Figure 1 .
at estimating the quality of health care services through their perception of quality of health care services. Fair evaluation and measurement of a health care facility's situation allows the health care administrators and practitioners to identify the dark areas that need further work to enhance service quality level in the future. 15 Measurement facilitates interpretations and comparison of service outcomes 16 and is most useful if based on the judgments of experts, precisely patients and physicians in health care. 17 The ultimate objective of health care service quality measurement should be to help the health care units in provision of efficient, equitable, and sustainable health care services of high quality and to develop patient satisfaction. 15, 18 A conceptual "gap model" by Parasuraman, Zeithaml, and Berry 8 lead to the development of SERVQUAL methodology in 1988 by Parasuraman, Zeithaml, and Berry. 10 The model was further refined by Parasuraman, Berry, and
Zeithaml. 19 The gap between the expectations and appraisal of performance was the measure of perceived quality of service in the model. 14 The model was a kind of breakthrough in service quality assessment, a phenomenon that was primarily qualitative and its evaluation was not easy. Later scholars successfully applied the SERVQUAL model in numerous cases from service industries and thus made it popular worldwide among service researchers. The original SERVQUAL model was a five-dimensional 22-item scale; however, later researchers improved it as per their needs (see, eg, Shafiq et al 12 )
. The five constructs of SERVQUAL model are defined below.
• Tangibility-Actual physical existence, eg, physical facilities, equipment, and personnel are associated with the tangibility dimension. 9, 14 It involves a hospital's physical infrastructure, beds, toilets, dispensaries, equipment, machines, cleanliness, and appearance of staff and physicians.
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• Reliability-Trustworthiness of the service, eg, consistent service, and first-time right inspections and prescriptions are associated with the reliability dimension. 9, 14 It involves the ability of hospital staff and physicians to execute the promised service dependably and accurately.
• Responsiveness-The efficiency with which the service is provided is associated to the responsiveness dimension.
14 It involves willingness of hospital staff and physicians to assist patients and provide quick service.
• Assurance-Confidence on certain expectations; eg, the assurance dimension has characteristics like trustworthiness of service providers, responsiveness, and courteousness with which the service providers respond to the needs of service seekers. 9, 14 It involves knowledge, qualifications, and courtesy of hospital's staff and physicians and their capability to stimulate trust and confidence among patients.
• Empathy-Feelings about the staff; eg, there are three characteristics that are associated with the empathy dimension: personalized attention, best interest at heart, and understanding needs. 9, 14 It involves caring and individualized attention the health care system provides to its patients. 2 The success of SERVQUAL scale in service quality assessments has been widely reported in the literature. 
| Patient satisfaction
Patient satisfaction is perhaps the most closely related concept to health care service quality. Javed and Ilyas 2 defined patient satisfaction as "a consequence of perceived service quality and is a function of observed performance of healthcare service and patient expectations." In the current study, patient satisfaction implies satisfaction of patients from the nursing provided to them in a health care unit.
A simple but popular definition of service quality is conformance to consumers' needs or expectations. 28, 29 Thus, the consumer is the nucleus around which service quality initiatives revolve. Also, satisfaction (or dissatisfaction) is an inevitable outcome of consumption of services 30 making it a descendant of consumers' perception of service quality. 15 Therefore, by directly influencing the perception of consumers/service seekers, the service providers can make them believe the service they are seeing is superior. In other words, by influencing the perception of patients of health care service quality, the satisfaction of patients from the service quality can be raised. Also, since patient satisfaction (and dissatisfaction as well) flows from perceived service quality, thus, studying patient satisfaction in the service sector becomes certainly important.
| Health care system of Pakistan
The Constitution of Pakistan ensures the state's responsibility for the provision of free health care services to Pakistani citizens; however, after the 18th amendment, this responsibility was transferred by the federal government to the provincial governments who are supposed to plan and devise national health policies affecting around 200 million citizens. 2, 12, 31 Health care delivery system of Pakistan is complex, as can been seen from Figure 2 , adapted from Javed and Liu. 32 Not only federal and provincial governments have their own independent health care systems but also the private sector is divided into certified physicians and "quack doctors." Even when scholars study "public"
and "private" sectors of Pakistani health care sectors, they need to clearly define what actually they mean by these sectors. Public hospitals can be either state owned or fully run by government entities while private hospitals can be mission driven or return driven. 33 In the current study, public health care sector involves the health care units under the Provincial Departments of Health of the Punjab Government, the government of the most populous province of Pakistan, and private healthcare sector involved formal one.
FIGURE 2
The health care delivery system of Pakistan 
| Grey relational decision analyses
Grey relational analysis (GRA), also called grey incidence analysis (GIA), is a popular technique of multicriteria decision making and analysis of decision alternatives under uncertainty. Grey relational analysis models are an integral part of grey system theory that was introduced by Chinese Professor Julong Deng in 1982. 34, 35 Grey system theory provides alternatives to traditional and popular approaches of data analysis like Statistics. 36, 37 One of the major benefits of the theory is that it can make decision making even when the sample size is small. 38, 39 Deng's GRA is perhaps the most popular and widely used model of the theory. Grey relational analysis models have been used successfully in numerous fields like engineering, management sciences, economics, environmental sciences, energy, health care/nursing, and others . [40] [41] [42] [43] [44] [45] [46] [47] Since last two decades, grey system theory, in general, and GRA models, in particular, seek their application in the health care sector, hospital environment, and clinical studies as well. Tan 32 applied GRA models for the evaluation of health care service quality constructs in the health care systems.
Bahadori et al 1 used GRA model for the evaluation of the parameters influencing the success of quality control circles in a hospital. A health care system where efficiency and effectiveness are extremely and equally important and even smallest failures cannot be tolerated making optimal decisions with readily available information is extremely important. Information that is readily sought usually contains uncertainty, which may arise from incomplete data or variations among data. Thus, in such cases, GRA models that have produced convincing results in health care settings through small samples and under uncertain conditions can be a good option for health care practitioners and hospital administrators that can make their decisions more optimum. The application of GRA in various health care/hospital environments and situations augments this argument.
In the following section three relevant GRA models have been briefly defined.
is the basic/reference sequence representing a dependent variable and
…, x i (n)) are the set of comparative sequences representing independent variables-after going through initialing operator-then grey relational grade (GRG), the real number degree representing the output of GRA model, is represented as γ 0i or γ (X 0 , X i ) and is given by
where
where ξ ∈ (0, 1) is the distinguishing coefficient whose value is usually taken as 0.5. Literature (see, eg, previous studies [59] [60] [61] ) highlights the deployment of Deng GRA model for measuring the influence of one variable/parameter on the other.
If X i = (x i (1), x i (2), …, x i (n)) and X j = (x j (1), x j (2), …, x j (n)) are two data sequences representing two variables associated with a system (eg, a health care system, a human body, and an economic system), then absolute GRG would be given by
Literature (see, eg, Yu et al 
| Second Synthetic GRA (SSGRA) model
The SSGRA model is given by
where ϼ represents the second synthetic (SS) GRG, ɛ represents the absolute GRG, and γ represents the GRG between the grey data sequences X i and X j . Deng's GRG relies on grey relational/incidence coefficient of particular points, and absolute GRG relies on integral (relatively comprehensive) perspective, whereas the SS GRG reflects overall closeness between two sequences based on particular points and integral perspectives (Javed and Liu 32 and Liu et al 34(p69) ). Generally, θ = 0.5.
| Decision making under uncertainty
Decision making is a routine task in all organizations and managers who mostly make optimal decisions using the available information are considered wise and reliable. There are several decision making approaches in the literature that guide managers in decision making and analyzing decision alternatives. The choice of these approaches usually depends on the nature of complexity or uncertainty associated with the problem. The decision making under uncertainty is relatively much harder than the decision making under certainty 32 ; thus, managers are supposed to make calculated decisions rather than decisions based on their own judgments or feelings. Decision making under uncertainty uses criteria representing the decision maker's attitude toward risk, ranging from pessimism to optimism, and decisions are made based on "expected value criterion," in which decision alternatives are compared based on maximization of expected profit or minimization of expected cost. 63 Decision making under uncertainty encompasses alternative actions whose outcomes depend on the random states of nature and the probability distribution associated with these states is either unknown (Taha 64(p161) ). There are many approaches to do so; however, one of the most popular approaches available in the literature is the Hurwicz criterion ( 32, 64 : pp.162), which analyzes decisions while incorporating the attitude of both optimistic and pessimistic decision makers. For s states, the selected action must be associated with pp161-162) ). 
| Hypotheses
In view of the research objectives and the framework, 2 the following hypotheses were offered for the study:
H1: Patients significantly associate empathy with their satisfaction.
H2:
Patients significantly associate tangibility with their satisfaction.
H3:
Patients significantly associate assurance with their satisfaction.
H4:
Patients significantly associate responsiveness with their satisfaction.
H5:
Patients significantly associate reliability with their satisfaction.
H6: There exists a difference between the perception of public and private sector healthcare facilities.
| Sample and procedure
Respondents were the outpatients and inpatients of the public and private hospitals of Lahore and Rawalpindi. Two public and two private hospitals were selected from each city. The hospitals were selected on the basis of convenience in permissible data collection within their premises. Most of the respondents were men (57.5%) and remaining were females.
| Instrument
SERVQUAL scale, in its original or modified form, has been proven very effective in Pakistani health care
sector and is widely in use by Pakistani scholars. 12 Based on the modified SERVQUAL model as used in Aman and Abbas, 9 a 30-item questionnaire was used for studying the patients' perception about health care quality in the hospitals. Satisfaction with nursing was gauged through the three questions borrowed from Aiken et al. 65 
| Reliability and validity
Before the formal start of the survey, the instrument went through a pilot testing on 12 medical students from a private teaching hospital of Lahore. The reliability was convincing, and the formal surveying was initiated in the selected locations. Reliability of each of the five parts (SERVQUAL dimensions) of the questionnaire turned out to be greater than 0.70 (Cronbach alpha); thus, it was deemed fit for use. The questionnaire was in Urdu, the national language of Pakistan, and was distributed among 550 patients within the hospitals' premises. Hospitals were visited multiple times during a period of 2.5 months. Only 467 (N Total ) questionnaires were completely filled and were selected for data analysis (N Private = 249; N Public = 218). For the calculation of Deng's GRG and absolute GRG, the grey system modeling software developed by the Nanjing University of Aeronautics and Astronautics, China, was used, and for the calculation of the SS GRG, the Microsoft Excel was used.
| RESULTS AND DISCUSSION
The analysis of data through GRA models for private and public health care sectors are shown in Tables 1 and 2. Deng's GRA model and absolute GRA model are showing, among private sector hospitals, the patients perceive responsiveness to be most strongly influencing (and associated with) their satisfaction from the hospital services.
The SSGRA model is revealing responsiveness of a health care facility to be the most important factor contributing to private hospitals' patient satisfaction, followed by tangibility, empathy, assurance, and reliability, as shown in Table 3 .
Deng's GRA mode and absolute GRA model are showing, among public sector hospitals, patients perceive reliability to be most strongly influencing (and associated with) their satisfaction from the hospital services. The SSGRA model is revealing reliability of a health care service to be the most important factor contributing to public hospitals' patient satisfaction, followed by empathy, tangibility, assurance, and responsiveness, as shown in Table 3 .
To test the sixth hypothesis, the Hurwicz criteria was applied. Before applying it, one needs to create a decision scheme as shown in Table 4 .
Here, m = 2, n = 5, and outcome = v (a i , s j ) whereas i = 1, 2 and j = 1, 2, 3, 4, 5. Let a 1 and a 2 represent patient satisfaction from the public and private hospitals and s 1 to s 5 represent tangibility, empathy, reliability, responsiveness, and assurance, respectively. Table 5 represents the SS degrees of grey incidence-based matrix reporting the "second synthetic grey relations" between the decision criteria and decision actions.
| The Hurwicz criteria
This method has been used following the steps described in Gaspars-Wieloch 66 and Taha. 63, 64 Since we need to maximize the grey relational association between patient satisfaction and quality dimensions, hence, the decision would For the optimist patients, the level of strength between the patient satisfaction and quality dimensions is almost approaching each other. Thus, based on the judgments of pessimistic and impartial patients, one can argue that the private sector patients associated their perception of health care service quality more strongly to their satisfaction with the services. This implies that Pakistani patients are more likely to be satisfied from private sector health care
facilities. This finding is aligned with the findings by Javed and Ilyas, 2 Shabbir et al, 5 and Irfan and Ijaz.
4 Alternative actions (a i ); i = 1, 2, …, m Grey relation was superior in public health care sector (a 1 ), Grey relation was superior in public health care sector (a 2 ). Pakistan is facing a number of challenges in its health care sectors, eg, low budgetary allocation on health care and a lack of proper mechanism to ensure fair division and transparent allocation of the budget. 29 Corruption, or at least perceived corruption, in the health care sector, and lack of faith in government's health care facilities are other issues. 2, 6 Some studies have predicted Pakistan to be the fifth/sixth most populous country by 2050 exceeding 300 million people 9, 67 ; thus, with time, if correct measures are not taken and health care system is not improved, it can have catastrophic effects on the health of future generations of Pakistanis. Also, using old models without questioning and without tailoring them according to the needs of a country's population can also hamper the correct assessment of the health care sector of the country. For example, when the findings were discussed with some of the administrators of the hospitals (who expressed interest in the survey results while allowing us to survey in their premises), one administrator questioned the validity of the model we used (SERVQUAL) for cost-focused Pakistani patients. He argued that even though he can be convinced that private sector health care facilities are delivering superior services but most of the patients who visit public sector hospitals do not afford private sector hospitals' services, thus, he cannot be convinced that people are more satisfied with the private sector. Cost concerns are not new to Pakistani health care system. 68 Considering the fact that resource constraints can undermine the sustainability of effective health care services 69 and the fecundity of the discussions with him lead the authors to believe that the absence of "treatment cost" (price of seeking treatments) in the five-dimensional SERVQUAL model, developed in
American institutions, has restricted the scope of the model especially for its successful applicability in the poor or developing countries with limited resources where the people generally have low buying powers and thus are much concerned about the price of services. Thus, the studies that are using SERVQUAL model in Pakistani health care system are unable to report one of the key achievements of the public sector healthcare system of Pakistan ie, its ability to deliver services at extremely low cost.
Considering the fact that "no performance management tool is ideal," 70 the current study suggests future researchers to tests the original SERVQUAL model along with a modified SERVQUAL scale that includes more important dimensions. Service price/cost, which relates to an organization's cost efficiency, can be one such integral dimension. Also, a totally new set of scales for developing and developed health care systems may also be proposed, after successful validation. To the practitioners and health care administrators in the developing countries, the study suggests focusing on the optimal improvement in the quality of services, ie, meeting (not exceeding) patients' expectations. There should be a unique optimal mix of service dimensions in each sector of a country's health care system. Patients who are visiting public hospitals have different expectations from their service providers than their counterparts who visit private hospitals. For example, as the current study shows, for the private hospitals' patients, the responsiveness is most likely to be important, and for the public hospitals' patients, the reliability is most likely to be important. Therefore, if the private sector would compromise responsiveness over other dimensions and the public sector would compromise reliability over other dimensions, then it would increase the challenges for them. Each sector has its own strength, and each sector has to develop its own strategy to deliver high-quality services. Since the health care organizations are directly responsible for maintaining people's health, nourishing high-quality services is of primary significance in the prevention of death and injuries. 1 Their role is very crucial not only for the well-being of the current population but also for the future generations as well. A right strategy would pay them in the long run, and a wrong strategy would further deteriorate the health care situation in future.
Even though developed countries are wealthier and more capable of delivering superior health care services in their countries, developing countries can also deliver superior health care services within their limited resources through a combination of political and collective will. One such example is Cuba, which has "sustained and improved upon its health care achievements in the face of stringent economic conditions." 71 Therefore, the current study suggests the lack of political and collective will to be one of the major causes of the unfortunate situation of Pakistan's health care system. Rather than investing major chunk of its national budget on defense and military, the country can e178chose an optimum mix of expenditures that ensures allocation of a less embarrassing proportion of the budget in line with the World Health Organization (WHO) guidelines for lower middle income countries like Pakistan on health care expenditures, without compromising the national security and defense.
